In this paper, a summary of some ongoing wind energy projects in Denmark is given. The research topics comprise computational model development, wind turbine design, low noise airfoil and blade design, control device development, wake modelling, and wind farm layout optimization.
Introduction
Wind energy is developing very fast in the world. To reduce CO 2 emission from fossil energy and alleviate global warming, governmental targets in developing wind energy are very ambitious in most countries. For example, in Denmark, electricity production is forecasted to reach 50% from wind energy in 2020 and 100% from renewable energy in 2050. This means there will be important installations of both onshore and offshore wind turbines in the near future. The implementation of wind turbines is accompanied with challenge and research related to both onshore and offshore wind energy developments. For onshore wind energy development, the main challenge is the noise issue. While for offshore wind energy, it is mostly to reduce the cost of energy as the cost of offshore wind energy is very much as compared to onshore wind energy.
In Denmark, most of wind energy projects are funded by the following funding programmes: FP7 of EU, Energy technology Development and Demonstration Programme (EUDP) of the Danish Energy Agency, Danish High Technology Fund, and Strategic Research programme (DSF) of the Danish Ministry of Research, Innovation and High Education. Each year a number of between 10 and 20 wind energy projects receive funding. The funded projects can be pure research, or pure product development and demonstration. It can also be both research and demonstration. The duration of the projects is between 2 and 6 years.
The ongoing wind energy projects in Denmark comprise the following topics: computational model development, offshore wind turbine design, low noise wind turbine rotor design, control device development (such as trailing edge flaps, vortex generators, etc.), wake model development and wind farm layout optimization.
In the paper, a summary of the above mentioned ongoing research topics, especially in the projects coordinated by DTU Wind Energy, will be given. To illustrate, a number of selected results will be presented.
Computational models
In wind energy research, there are different types of computational methods that are currently being used for predicting the performance of wind turbines, from simple methods based on Blade Element Momentum (BEM) theory [1] to fully 3D Computational Fluid Dynamics (CFD) methods [2] . BEM is very simple and easy to run on a personal computer, but it has limitations and relies on the employed airfoil data which should be corrected for 3D rotational effects [3] and tip effects [4] . Fully 3D CFD are quite expensive and at the moment it is often used for steady computations. Thus intermediate methods are being developed. Among others, the Q 3 UIC [5] and MIRAS [6] codes are the two new codes developed at DTU. The former is a quasi-3D steady/unsteady viscous-inviscid interaction code using strong coupling and is used to calculate the performance of airfoils. To illustrate its performance, computations are carried out for the NACA632xx airfoils at a Reynolds number of 3x10 6 . From the comparisons presented in Figure 1 , it is seen that Q 3 UIC predicts very well the performance for both lift and drag coefficients. The latter method is based on a three-dimensional panel method using a surface distribution of quadrilateral singularities with a Neumann no penetration condition. Viscous effects inside the boundary layer are taken into account through the coupling with the quasi-3D integral boundary layer solver Q 3 UIC. A free-wake/mixed-wake model is employed to simulate the vorticity released by the blades in the wake. To illustrate its performance, computations are carried out for a 2.3 MW NM80 wind turbine. In Figure 2 , the power and thrust coefficients are well predicted as compared to measurements. 
Wind turbine design
Design of efficient and low cost wind turbines is the focus of the current wind energy researches in many countries as offshore wind energy is still very expensive. One way to reduce the cost is to increase the size of wind turbines. The commercial single turbines are reaching 8 MW [7] and the size of research turbines reaches 20 MW [8] . With this increase many aerodynamic and structure problems may appear. To illustrate the activities, the surface pressure of a 20 MW turbine with 130 m blade which is designed using an integrated airfoil and blade design method developed in [8] is plotted in Figure 3 . For onshore wind energy, most of wind energy developments are focusing on low noise wind turbine airfoil and blade design. In Figure 4 the aerodynamic and aero-acoustic performance of the low noise CQU-DTU-LN118 airfoil [9] is shown. From the figure, it is seen that the CQU-DTU-LN118 airfoil has high aerodynamic performance and low noise emission than the NACA64618 airfoil which is used to construct modern wind turbine blades. 
Control devices
Control devices are often used to optimize power output and alleviate loads on turbines. In the recent researches, vortex generators [10] and trailing edge flaps [11] [12] are the two main focuses. Due to the page limitation, no more discussion is presented. For more details, the reader is referred to [10] [11] [12] .
Wake modelling
Wind turbines are often clustered together into so-called wind farms. The performance of the wind turbines in wind farms is important to be predicted for power predictions and/or wind farm control. The most used methods are the Actuator Disc and Actuator Line models implemented in a Navier-Stokes solver for Large-Eddy Simulation. To illustrate, the actuator line model is applied to simulate the performance of the MEXICO rotor with a radius of 2.25 m [13] . In Figure 5 , the axial, radial and tangential velocity at a radial position of 1.848 m and 9 o'clock is plotted against PIV measurements [14] . Good agreement is seen. In Figure 6 , the flow past three 2MW Tjaereborg turbines in tandem is simulated using the Actuator Line technique. From the figure, wake interactions are seen clearly but different when the separation distance between the three turbines is 4D and 6D. For wind farm predictions [15] , the Actuator Disc model is applied to simulate the performance of the Lillegrund wind farm with 48 Siemens 2.3 MW turbines. Good agreement with the measurements is seen.
Wind farm layout optimization
Wind farm layout optimization is an essential step for planning wind farms. The technical development has essentially two branches of optimization algorithm and wake model. At DTU, a new random search (RS) algorithm based on continuous formulation has been developed recently [16] , which starts from an initial feasible layout and then improves the layout iteratively in the feasible solution space. It can serve both as a refinement tool to improve an initial design by expert guesses or other optimization methods, and as an optimization tool to find the optimal layout of wind farm with a given number of wind turbines (WTs). To illustrate the performance of the algorithm, optimization is made for the Danish Horns Rev 1 wind farm with 80 Vestas 2 MW turbines. From the figure, it is seen that slight improvements have been obtained. For installing wind turbines in complex terrain, CFD methods should be used because the wind resources in complex terrain are often difficult to be determined. Different levels of complexity can be used. Steady RANS/time-averaged LES simulations for the complex terrain should be first performed. Based on the obtained results, layout optimization with improved wake models is then performed. To illustrate the development, wind farm layout optimization is made for a Gaussian hill of 200 m height and 200 m hill half-length at the mid-height of the hill. In figure 9 , results of the optimization with 25 2MW V80 Vestas wind turbines at a Weibull distribution with A=10 and k=2.3 (a mean wind speed of 8.9 m/s) for wind for one or two wind directions. 
Concluding remarks
This paper gives an overview on some ongoing research activities in Denmark. In general, the research environment in wind energy and renewable energy in Denmark is very good. We hope such investment will continue in the way to increase the penetration of wind energy and renewable energy in the global energy consumptions.
